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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for
Phase I investigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D. C. 20314. The purpose of a Phase I investigation is to
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general
condition of the dam is based upon available data and visual
inspections. Detailed investigation and analyses involving
topographic mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of a
Phase I investigation; however, the investigation is intended
to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of
field conditions at the time of inspection along with data
available to the inspection team.

It is important to note that the condition of a dam depends
on numerous and constantly changing internal and external
conditions, and is evolutionary in nature. It would be
incorrect to assume that the present condition of the dam
will continue to represent the condition of the dam at some
point in the future. Only through frequent inspections can
unsafe conditions be detected and only through continued
care and maintenance can these conditions be prevented or
corrected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established guidelines, the spillway design flood is based
on the estimated "Probable Maximum Flood" for the region
(greatest reasonably possible storm runoff), or fractions
thereof. The spillway design flood provides a measure of
relative spillway capacity and serves as an aid in deter-
mining the need for more detailed hydrologic and hydraulic
studies, considering the size of the dam, its general condition,
and the downstream damage potential. -
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PHASE I REPORT
National Dam Inspection Program

Abstract

Moose Creek Reservoir Dam: NDS I.D. No. PA-00423

Owner: Clearfield Municipal Authority

State Located: Pennsylvania (PennDER I.D. NO. 17-6)

County Located: Clearfield County

Stream: Moose Creek

Inspection Date(s): November 16, 1978

Inspection Team: GAI Consultants, Inc.
570 Beatty Road
Monroeville, Pennsylvania 15146

Based on the visual inspection, operational history, and
available engineering data, the dam is considered to be in
fair condition.

In accordance with the recommended guidelines the spillway
design flood for this facility is the Probable Maximum Flood
(PMF). Results of the hydrologic and hydraulic analysis
indicate that the facility is capable of passing and/or
storing only 20 percent of the PMF without overtopping the
embankment. Overtopping and embankment failure is also
anticipated under less than 1/2 PMF flooding resulting in an
increase in potential for loss of life. Thus, based on
criteria contained in the recommended guidelines the spillway
is considered seriously inadequate

Seepage was noted at the downstream toe in an area behind
the old gate house. Also, seepage was observed to be issuing
from the left embankment-abutment junction, about midway
between the toe and the crest of the dam. Historical records
indicate seepage was frequently noted in both areas.

General surficial deterioration is evident on portions of
the spillway, particularly the sidewalls.

Because of the seriously inadequate spillway construction,
the facility i.3 considered unsafe. Failure is not considered
imminent; however, it is recommended that the owner immediately
develop a warning system to notify downstream residents
should hazardous conditions develop. Included in the plan
should be provisions for around-the-clock surveillance of
the facility during periods of unusually heavy precipitation.
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Recent renovations have been made to the downstream appurtenances
which include a new gate house and filtration system. A
feasibility study for upgrading the facility is in progress.
The proposed modifications it implemented would result in a
substantial increase in the size of both the embankment and
spillway. Should the modifications inherent to the proposal
be found infeasible or not be scheduled for implementation
in the immediate future, it is also recommended that the
owner, with respect to the existing facility:

a. Retain a registered professional engineer to more
accurately assess the adequacy of the spillway. Subsequently,
the owner should take any measures deemed necessary to make
the facility hydraulically adequate.

b. Install weirs under the direction of a registered
professional engineer to gage seepage flow from the left
embankment-abutment junction and from the area behind the
old gate house. Weir readings and pool level readings
should be recorded regularly. Particular attention should
be focused on abrupt increases in flow and discoloration of
the seepage effluent. This information with an evaluation
should be transmitted to the Pennsylvania Department of
Environmental Resources, Division of Dam Safety for review
and comment.

c. Modify the outlet system to provide a means of
*' controlling or blocking flow at the inlet end of the blow-

off and supply lines in the event a leak(s) develops beneath
the embankment.

d. Repair deteriorated portions of the spillway and
provide slope protection to the channel at the end of the
left wingwall.

e. Develop an operations and maintenance manual for
use at the facility.

f. Have the facility inspected by a registered pro-
fessional engineer experienced in the design and construc-
tion of earth dams on a yearly basis to check for hazardous
conditions that might develop.

iii
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

MOOSE CREEK RESERVOIR DAM
NDI# PA-423, PENNDER# 17-6

SECTION 1
GENERAL INFORMATION

1.0 Authority.

The Dam Inspection Act, Public Law 92-367, authorized
the Secretary of the Army, through the Corps of Engineers,
to initiate a program of inspection of dams throughout the
United States.

1.1 Purpose.

The purpose is to determine if the dam constitutes a
hazard to human life or property.

1.2 Description of Project.

a. Dam and Appurtenances. Moose Creek Reservoir Dam
is an earth embankment approximately 370 feet long and
having a maximum height of 31 feet. The dam is provided
with a concrete core wall and an uncontrolled concrete
spillway with a modified ogee-shaped crest located near the
right abutment.

The outlet works consist of a 24-inch diameter cast-
iron blowoff and 16-inch diameter cast-iron supply pipes
which pass through the core wall and are controlled via gate
valves downstream of the dam.

b. Location. Moose Creek Reservoir Dam is located on
Moose Creek in Lawrence Township, Clearfield County, Pennsylvania,
approximately two miles northwest of the Borough of Clearfield.
The dam, reservoir, and watershed are contained within the
Clearfield and Elliot Park 7.5 minute U.S.G.S. topographic
quadrangles (See Regional Vicinity Map, Appendix G). The
coordinates of the dam are N41 0 3' 20", W780 28' 15".

C. Size Classification. Small (31 feet high, 87

acre-feet storage at maximum pool).

d. Hazard Classification. High (see Section 3.1.c.4).

e. Ownership. Clearfield Municipal Authority
107 Market Street
Clearfield, Pennsylvania 16830

1

--



f. Purpose of Dam. Water supply facility for the
Borough of Clearfield.

g. Historical Data. Moose Creek Reservoir Dam was
constructed in 1909-10 by Ahrens and Company of Lewistown,
Pennsylvania. The dam was designed by Messrs. Knight and
Hopkins of Rome, New York.

The first detailed investigation report was issued in
1914 by the Water Supply Commission of Pennsylvania (pre-
decessor of PennDER). The Commission's Chief Engineer upon
review of this report noted that "This dam appears to have
been admirably designed and constructed . . .the embankment
was placed under careful supervision and well compacted
while the structural features of the work are in general
well cared for . . ." Two problems are however alluded to
in this report and subsequent reports through the 1940's.
They are: 1) seepage along the toe of the dam and at the
left abutment; and 2) an inadequate spillway capacity. The
authority was ordered to monitor the seepage and to increase
the spillway capacity on numerous occasions; however, field
inspection and review of available records indicate that
neither order was carried out. The seepage is still evident
today particularly at mid-embankment height on the left
abutment and along the toe of the dam from the left abutment
to a point just beyond the old gate house.

1.3 Pertinent Data.

a. Drainage Area. 6.4 square miles.

b. Discharge at Dam Site. Discharge records were not
kept at the facility until October 1978. Currently, a daily
record of flow (inches above spillway crest) is made. The
maximum discharge at the facility is reported to have occurred
in June 1972 (Hurricane Agnes), when approximately 33 inches
of water was discharging over the spillway crest (estimated
discharge =500 cfs).

Outlet Works Conduit at Operating Elevation -
Discharge curve not available.

Spillway Capacity at Maximum Pool Elevation 1660

cfs.

c. Elevation (feet above mean sea level).

Top of Dam = 1380 (Design).

Maximum Pool Design Surcharge - Not known.

Maximum Pool of Record 1376.8 in June, 1972.
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Normal Pool = 1374

Spillway Crest = 1374

Upstream Portal Outlet Conduit Invert = 1335
(estimated from Figure 3, Appendix F).

Downstream Portal Outlet Conduit Invert 1347

(estimated from Figure 3, Appendix F).

Streambed at Centerline of Dam 1350

Maximum Tailwater - Not known

d. Reservoir Length (miles).

Maximum Pool 0.3

Normal Pool 0.2

e. Storage (acre-feet).

Spillway Crest = 52

Top of Dam = 87

Design Surcharge - Not known

f. Reservoir Surface (acres).

Spillway Crest = 4.9

Top of Dam = 6.9

Maximum Design Pool - Not known

g. Dam.

Type - Earth

Length = 370 feet

Height = 31 feet

Top Width = 20 feet

Side Slopes - upstream: 2H:IV

downstream: I-I/2H:lV

3



Zoning - Earth. "Select" material placed upstream
of the concrete core wall. Coarser material placed downstream
of core wall. All rock over 6 inches in diameter was removed
from the fill and placed along the embankment face. (See
Figures 3 and 4, Appendix F).

Impervious Core - A concrete core wall extends
from the foundation to elevation 1375 (see Figure 5).

Cutoff - 4-inch diameter holes on 4-foot centers
were drilled 20 feet into rock and grouted under a pressure
of 70 psi. The core wall trench was also excavated to
variable depths into rock (see Figure 5).

h. Diversion and Regulating Tunnels. None.

i. Spillway.

Type - Uncontrolled concrete channel with a
modified ogee-crested weir.

Weir Length - 30 feet

Channel Length = 45 feet

Crest Elevation 1374

Upstream Channel 12-inch stone paving at eleva-
tion 1370.

Downstream Channel - Natural streambed on rock
downstream of the dam (see Photograph 6).

j. Outlet Conduits.

Supply Pipe - 16-inch diameter, cast-iron; length
150 feet from inlet end to upstream wall of new gate

house.

Closure - Gate valve in new gate house downstream
of dam. No upstream control.

Blowoff Pipe - 24-inch diameter, cast-iron;
length 125 feet from inlet end to upstream wall of old
gate house.

Closure - Gate valve in old gate house downstream
of dam. No upstream control.

Regulating Facilities - Two gate houses with
control valves are located beyond downstream toe of the dam.

Access - Both gate houses and controls are access-
ible and at ground level.

4



SECTION 2ENGINEERING DATA

2.1 Design.

a. Design Data Availability and Sources.

1. Hydrology and Hydraulics. No design reports
are available.

2. Embankment. Design drawings, dated 1909, are
available from PennDER files. Specifications are also
available from the owner.

3. Appurtenant Structures. Same as 2 (above).

b. Design Features.

1. Embankment. According to a 1915 report
entitled, "Report Upon the Dam of the Clearfield Water
Authority," issued by the Water Supply Commission, the
embankment was constructed of selected material on the
upstream side of the core wall and coarser material on the
downstream side with all stones over 6 inches removed.
The embankment material was spread in 12-inch layers and
rolled with a tractor engine. The upstream slope is 2H:lV
while the downstream slope is 1.5H:lV. The stones removed
from the earth fill were placed on the slopes for riprap to
a depth of 2 or 3 feet, and upon completion the stone on the
downstream side was broken to a uniform size of about 3
inches for a depth of about 6 inches. In addition to the
loose stone riprap, the upstream slope is protected by a
well laid stone paving, 12 inches deep, extending from an
elevation four feet below the flow line to four feet above;
the bottom course of this paving is 24 inches deep.

The core wall was constructed of rubble concrete and is
located about 5 feet upstream of the centerline of the dam.
It is 2 feet thick at the top and increases 6 inches in
thickness at 6-foot depth intervals to a maximum of 4 feet
at the bottom and was carried about 20 feet into the abutments
at each end of the dam. An "as-built" drawing dated March 30,
1915 (see Figure 5) also shows details of the core trench
construction as well as 96 holes, 20 feet deep, drilled in
the foundation and filled with cement grout under a pressure
of about 70 pounds per square inch.

2. Appurtenant Structures.

a) Spillway. The spillway at Moose Creek
Reservoir Dam is a rectangular concrete gravity structure
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with a modified ogee-shaped crest located on rock near the
right abutment (see Figures 1 through 5 and Photograph 6).
A concrete apron extends approximately 17 feet downstream of
the weir where a 2-foot high concrete sill is located, thus
forming a stilling basin.

b) Outlet Works. The facility is equipped
with a 24-inch diameter cast-iron blowoff pipe controlled by
a valve located in a gate house at the toe of the dam. In
addition, a 16-inch diameter supply line is gated within a
new gate house located just downstream of the old structure.
The water authority has recently installed a micro-strainer
on its supply system. It is housed in a metal building approximately
200 feet west of the new gate house.

2.2 Construction Records.

Daily construction records pertaining to the original
facility, the original construction specifications, and
approximately 20 construction photographs are available from
the owner.

2.3 Operational Records.

The water supply is read daily and recorded. Spillway
discharge data is available in water company files for the
period October 1978 to present.

2.4 Other Investigations.

Several state inspection reports are available from
PennDER. The authority has recently retained a consultant
to conduct a feasibility study to enlarge Moose Creek Reservoir
Dam. A previous study, conducted in 1972, concerned silt
removal and modifications to the piping system. The study
is available from Hill & Hill Engineers of North East,
Pennsylvania.

2.5 Evaluation.

Sufficient data are available to make an accurate
Phase I assessment of the facility.

6
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SECTION 3
VISUAL INSPECTION

3.1 Observations.

a. General. The general appearance of the structure
and related appurtenances suggest that the facility is in
fair condition (see Photograph 1).

b. Embankment. The upstream face of the dam is
sloped at 2H:lV and is protected by durable hand-placed
sandstone riprap (see Photograph 4). The downstream face is
sloped at 1.5H:lV and is mantled with gravel sized crushed
stone. The crest width is approximately 20 feet.

Seepage was noted to be collecting at the toe of the
dam behind the old gate house and extending to the left
abutment. Much of this seepage was observed emanating from
a point about mid-height of the left embankment-abutment
junction. Total seepage was estimated at less than 20 GPM
(see Photographs 8 and 9).

A slight bulge is evident in the crushed rock surface
of the downstream slope at about mid-height. The origin of
this bulge could not be ascertained though it is mentioned
in old state inspection reports.

c. Appurtenant Structures.

1. Spillway. The spillway, spillway sidewalls,
and stilling basin all appeared to be in fair condition.
Moderate to severe scaling was evident below the flow line
of the spillway weir and sidewalls. Spalling was noted at
several construction joints and pattern cracking with slight
efflorescence was observed on the left wingwall (see Photo-
graph 6). Some erosion is evident at the end of the left
spillway wingwall where the channel protection appears
insufficient.

2. Gate Controls, Blowoff, and Supply Line.
Since original construction, the outlet pipes have been
controlled by gate valves operated from a concrete valve
house at the toe of the dam. Figure 5 indicates that the
24-inch diameter blowoff and 16-inch diameter supply pipes
pass beneath the dam in a trench cut into soil.

Recently the authority constructed a new gate house

just downstream of the old structure. Discharge through the
supply line is now controlled from within this structure.
Discharge though the blowoff is still controlled from the
old gate house; however, a corrugated metal pipe has been
added to the discharge end (see Photograph 7).

7



Details of the original outlet system are shown on
Figure 3.

3. Reservoir Area. The valley slopes adjoining
Moose Creek Reservoir are steep and heavily wooded. (see
Photograph 3). No indications of slope distress were
observed at the time of the inspection. Sandstone ledges are
visible on both abutments above the dam crest.

4. Downstream Channel. The area immediately
downstream of Moose Creek Reservoir Dam is characterized as
a narrow wooded valley containing Moose Creek (see Photo-
graph 5). Approximately one mile downstream, Moose Creek
passes through a highway embankment of U. S. Route 322 just
northwest of Clearfield (see Regional Vicinity Map, Appendix G).
One dwelling (see Photograph 10) is located along Moose
Creek about 500 feet upstream of the highway embankment and,
approximately 4,800 feet from the dam. Downstream of the
highway embankment there are numerous homes located along
the stream banks. Fifteen to 20 persons are estimated to be
residing in an area of potential flooding from a breach of
the Moose Creek embankment. Consequently, the facility is
placed in a "high" hazard category.

3.2 Evaluation.

The dam and its appurtenances are in fair condition.
Seepage was observed at the toe of the dam from the area
behind the old gate house to the left abutment. A general
surficial treatment of exposed concrete surfaces is required
and channel protection at the end of the left spillway
wingwall appears insufficient.

L 8



SECTION 4
OPERATIONAL PROCEDURES

4.1 Normal Operating Procedure.

Excess inflow is discharged over the spillway located
near the right abutment. The supply line is kept open and
an automatic recorder measures usage. According to water
company personnel, the blowoff line is also kept opened
slightly to prevent silting at the upstream end and to keep
the reservoir from undergoing inversion.

4.2 Maintenance of Dam.

There is no maintenance manual or formal maintenance
program concerning the dam. According to water company
personnel, the embankment is cleared of vegetation yearly.
Other maintenance is provided on an unscheduled basis.

4.3 Maintenance of Operating Facilities.

The site is visited daily by an operator responsible
for Moose Creek and other water authority reservoirs.
Operating equipment is checked periodically and is main-
tained as necessary.

4.4 Warning Systems.

There are no formal warning systems in effect at the
site.

4.5 Evaluation.

No formal operational or maintenance procedures are
established for the facility. The water authority employs a
"Dam Operator" responsible for the maintenance and operation
of Moose Creek Reservoir Dam. Except for some deterioration
of concrete surfaces, the dam and appurtenances appeared to
be well maintained. Manuals of operation and maintenance
should be formalized and an emergency warning system is
required.

9



SECTION 5
HYDROLOGIC/HYDRAULIC EVALUATION

5.1 Design Data.

No hydrologic or hydraulic design data are available.

5.2 Experience Data.

No formal records of the flow through the emergency
spillway and/or outlet works were kept relative to this
facility, prior to October 1978. Owners representatives
indicated that the maximum flow of record, approximately 33
inches over the spillway crest, occurred in June, 1972.
There are no indications that the embankment has ever been
overtopped.

5.3 Visual Observations.

On the date of the inspection, no conditions were
observed that would indicate the appurtenant structures of
the dam could not operate satisfactorily within the limits
of their design during a flood event.

5.4 Method of Analysis.

The facility has been analyzed in accordance with the
procedures and guidelines established by the U. S. Army
Corps of Engineers, Baltimore District, for Phase I hydro-
logic and hydraulic evaluations. The analysis has been
performed utilizing a modified version of the HEC-l program
developed by the U. S. Army Corps of Engineers, Hydrologic
Engineering Center, Davis, California. Analytical capabilities
of the program are briefly outlined in the preface contained
in Appendix C.

5.5 Summary of Analysis

a. Spillway Design Flood (SDF). In accordance with the
procedures and guidelines contained in the National Guidelines
for Safety Inspection of Dams for Phase I Investigations,
the Spillway Design Flood (SDF) for Moose Creek Reservoir
Dam ranges between the 1/2 PMF (Probable Maximum Flood) and
the PMF, based on its relative size (small) and on the
potential hazard of dam failure on downstream developments
(high). Due to the high potential for damage to many residences

as well as to a main highway embankment, the SDF for thisfacility is considered to be the PMF.

10

I j



b. Results. The Moose Creek Reservoir Dam was analyzed
such that the reservoir level was initially at its normal pool
or service-emergency spillway elevation (= 1374.0 ft). The
spillway weir was observed to have an ogee-like crest shape
and was treated as such. Also, the downstream routing
channel passes beneath a large highway embankment (U.S.
Route 322 located about one mile downstream of the dam)
prior to crossing through the major portion of the immediate
downstream residential area, and was assumed to function as
a dam (with its own discharge rating curve and elevation-
storage relationship; sheets 12-18, Appendix C) in the
analysis. The downstream channel was further assumed to be
dry preceding routing, as instructed by personnel of the U. S.
Army Corps of Engineers, Baltimore District. All pertinent
engineering calculations relative to the evaluation of the
Moose Creek Reservoir Dam are provided in Appendix C.

Overtopping Analysis (using the Modified HEC-I computer
program) of the Moose Creek Reservoir Dam facility indicated
that only about 20 percent of the PMF could be stored and/or
discharged by the spillway before overtopping of the embankment
occurred (Appendix C, Summary Input/Output Sheets, Sheet G).
The computer output disclosed that a water depth of about
2.9 feet would inundate the dam during the peak of the PMF,
and a depth of about 1.4 feet would flow over the dam during
the peak of the 1/2 PMF. Further, the dam would be overtopped
for a duration of about 8.8 hours during the PMF, and about
7.3 hours during the 1/2 PMF. Therefore, Moose Creek Reservoir
Dam has a high potential for overtopping, and consequently,
for breaching.

Since the spillway cannot safely pass a flood of at
least 1/2 PMF magnitude (the SDF of the dam is the full
PMF), the possibility of failure of the embankment from
overtopping when subjected to floods of 1/2 PMF intensity or
less was investigated (in accordance with ETL-III0-2-234).
Since it is difficult, if not impossible, to determine
exactly how or if a specific dam will fail, several possible
alternatives were evaluated. The major concern of the
evaluations was the impact of the various breach discharges
on the downstream communities.

The Modified HEC-I Program was used to generate the
possible results of dam breaching due to downcutting by the
overtopping waters. Breaching due to piping could not be
analyzed directly, even though field investigation revealed
the existence of seepage along the left abutment embankment-
rock contact which indicates that piping could be an important
factor during failure.

It was assumed, for the purpose of analysis, that
breaching would begin once the reservoir water level reached
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the top of dam elevation. This assumption was based on the
opinion that any amount of overtopping can potentially fail
an earth dam, since there are so many unknown factors that
can contribute to the failure process. An additional overall
assumption was that a breach section would propagate downward
to a depth equal to the height of the embankment fill (28 ft.),
since the impounded Moose Creek should tend to seek the
previous equilibrium level which it had attained prior to
the construction of the dam (if at all possible).

Two sets of breach geometry were evaluated for each of
two failure times (Appendix C, sheets 19 and 20). The two
sets of breach sections chosen were considered to be the
minimum and maximum probable failure sections. The two
failure times (total time for each breach section to reach
its final dimensions) under which the minimum and maximum
sections were investigated were assumed to be near instantaneous
(15 minutes) and prolonged (4 hours), so that the possible
upper and lower limits of this most sensitive variable might
be examined. The near instantaneous failure time was evaluated
due to the presence of a concrete core wall. (Although the
top of the concrete core wall of Moose Creek Reservoir Dam
was actually covered by 5 feet of earth, it was assumed that
the wall extended to the top of the dam in the analysis.

In addition to the above breach conditions, an average
or more probable condition was analyzed. This condition was
such that the breach section was intermediate to the minimum
and maximum breach configurations previously mentioned. The
failure time for this breach geometry was also intermediate
to the two failure times previously mentioned, but closer to
the near instantaneous time since it was felt that the core
wall was probably in fair to good shape.

The five breaching schemes were investigated under each
of two flooding situations, the 1/2 PMF and the 3/10 PMF.
The 1/2 PMF resulted in a 1.4-ft depth of flow over the dam
if breaching did not occur, and the 3/10 PMF resulted in
about a 0.5-ft depth of flow over the dam. It is possible
that either depth of flow could cause failure of the dam,
although the probability of failure is greater for the 1/2
PMF due to the larger volume of overtopping water corresponding
to that flood. However, the more frequent 3/10 PMF event
will lead to lesser downstream base flooding conditions,
since the non-breach peak flow of the 1/2 PMF is so much
greater than that of the 3/10 PMF.

The near instantaneous failures produced the largest
breach outflows under both the 1/2 and 3/10 PMF inflow
conditions. The prolonged failure peak outflows were
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slightly larger than the average failure peak outflows in
the 1/2 PMF breach analysis, with the opposite trend occurring
in the 3/10 PMF analysis (Appendix C, sheet 21). The average
or more probable mode of failure provided peak breach discharges
of 3770 cfs and 3590 cfs under 1/2 and 3/10 PMF conditions,
respectively. However, the actual peak discharge which
occurred during the 1/2 PMF average breach analysis was 4120
cfs, due solely to the passing of the 1/2 PMF peak inflow
through the already breached dam.

If the adequacy of the dam's spillway was based solely

on breaching under the 1/2 PMF event, analysis would indicate
that the spillway of the dam was merely inadequate. This is
based on the fact that the 1/2 PMF would cause serious
flooding downstream even without breaching of the dam. The
potential additional increase in the downstream water surface
elevation caused by breaching under 1/2 PMF conditions is a
maximum of about 0.5 ft at the first structure located 4300
ft downstream of the dam and 0.5 ft at a section located
6100 ft downstream of the dam, considering a maximum, near
instantaneous breach. The additional increase in the downstream
water surface elevations considering the 1/2 PMF, more
probable breach conditions is 0.0 ft at both previously
mentioned routing sections (Appendix C, sheet 22). Assuming
that the more probable breach conditions are most representative
of all possible breach conditions, failure of the dam should
not pose a serious threat to increase the loss of life or
property damage downstream above that which should be caused
by the 1/2 PMF alone.

Since the 3/10 PMF can also potentially cause the dam
to fail and it is a more frequently occurring event, its
breaching analysis must be considered with more weight than
the 1/2 PMF breaching analysis. The maximum 3/10 PMF non-
breach water surface elevations were such that the flood did
not reach the estimated first floor elevation of the buildings
at the section located 6100 feet downstream of the dam. On
the other hand, if the dam failed during the 3/10 PMF event,
the water surface elevation at the above mentioned section
would increase by about 2 ft (considering the more probable
mode of failure), which corresponds to a depth of about 1.5
ft above the first floor elevation. The consequences of
the dam breaching under these conditions can be better
envisioned if not only the increase in the height of the
floodwave is considered, but also the increased momentum
that the larger and probably swifter moving volume of water
will possess. Therefore, the failure of Moose Creek Reservoir
Dam is quite possible, and, for higher frequency (but still
potentially dangerous) floods, will most probably lead to
increased loss of life and property damage in the downstream
communities.

13



5.6 Spillway Adequacy.

As presented previously, under existing conditions
Moose Creek Reservoir Dam can pass approximately 20 percent
of the PMF prior to overtopping. Should a 3/10 PMF event
occur, the dam will be overtopped and will possibly fail,
endangering several residences of the downstream community.
Therefore, the spillway of Moose Creek Reservoir Dam is
considered to be seriously inadequate.

14



SECTION 6
EVALUATION OF STRUCTURAL INTEGRITY

6.1 Visual Observations.

a. Embankment. Based on visual observations, the
embankment appeared to be in fair condition. Seepage was
observed, issuing from a point at about mid-height on the
left abutment-embankment junction as well as at the dam toe
behind the old gate house.

Some slight bulging of the rock surface on the down-
stream face was also observed. This condition is thought to
be the surficial sliding of the relatively steep rock surface
that was mentioned in old state inspection reports.

b. Appurtenant Structures. Aside from the spillway,
the only portions of the outlet system observed at the time
of inspection were the control valves for the blowoff and
supply lines and the discharge end of the 24-inch diameter
blowoff pipe. The new control building, constructed in
1972, appeared in excellent condition.

Moderate to severe scaling was evident below the flow
line on the modified ogee crest and on the spillway side-
walls. Spalling was noted at some construction joints and
pattern cracking was evident on the left wingwall. Some
erosion was evident at the end of the left spillway wing-
wall, adjacent to the embankment toe.

6.2 Design and Construction Techniques.

Design computations or reports were not available for
any aspect of this facility. Contract specifications,
construction progress reports, and photographs of the orig-
inal construction are available from the owner.

6.3 Past Performance.

The visual inspection indicates that the facility has
performed adequately in the past. The record pool level at
the facility reportedly occurred during the "Agnes" storm of
1972 when the depth of flow over the spillway crest reportedly
measured 33 inches.
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6.4 Seismic Stability.

The dam is located within Seismic Zone No. 1 and may be
subject to minor earthquake induced dynamic forces. Histor-
ical reports and construction records indicate the embank-
ment was placed in thin lifts, wetted as needed, and mechan-
ically compacted. Thus, it is believed that the embankment
can withstand the expected minor earthquake induced forces.
However, no calculations or investigations were performed to
confirm this opinion.

16



SECTION 7
ASSESSMENT AND RECOMMENDATIONS FOR REMEDIAL MEASURES

7.1 Dam Assessment.

a. Safety. The visual inspection, operational
history, and available engineering data suggest that the dam
and its appurtenances are in fair condition. Hydraulic and
hydrologic calculations made during our investigation indi-
cate that the spillway is capable of passing and/or storing
20 percent of the PMF without overtopping. Based on screen-
ing criteria supplied by the Department of the Army, Office
of Chief of Engineers, the spillway is classified as "seri-
ously inadequate."

Seepage (less than 20 GPM) was observed issuing from
the left abutment-embankment contact and from a point behind
the old gate house. Seepage has been noted historically at
these locations.

Discharge through the 16 and 24-inch diameter cast-iron
outlet pipes cannot be controlled at the inlet end; conse-
quently, these pipes are under full hydrostatic head at all
times and should a leak develop within the pipes beneath the
dam, discharge could not be controlled.

b. Adequacy of Information. The available data is
considered sufficient to make an accurate Phase I assessment
of the facility.

c. Urgency. Because of the seriously inadequate
spillway, a formal warning system should be immediately
implemented. Other studies and remedial action should be
implemented without undue delay.

d. Necessity for Additional Investigations. The
additional investigations listed below are considered neces-
sary if major renovations presently being contemplated by
the owner and its consultant are determined to be infeas-
ible or are not scheduled for immediate implementation.

7.2 Recommendations/Remedial Measures.

Because of the seriously inadequate spillway construc-
tion, the facility is considered unsafe. Failure is not
considered imminent; however, it is recommended that the
owner immediately develop a warning system to notify down-
stream residents should hazardous conditions develop.

17



Included in the plan should be provisions for around-the-
clock surveillance of the facility during periods of unusu-
ally heavy precipitation.

Recent renovations have been made to the downstream
appurtenances which include a new gate house and filtration
system. A feasibility study for upgrading the facility is
in progress. The proposed modifications if implemented
would result in a substantial increase in the size of both
the embankment and spillway. Should the modifications
inherent to the proposal be found infeasible or not be
scheduled for implementation in the immediate future, it is
also recommended that the owner, with respect to the existing
facility:

a. Retain a registered professional engineer to more
accurately assess the adequacy of the spillway. Subsequently,
the owner should take any measures deemed necessary to make
the facility hydraulically adequate.

b. Install weirs under the direction of a registered
professional engineer to gage seepage flow from the left
embankment-abutment junction and from the area behind the
old gate house. Weir readings and pool level readings
should be recorded regularly. Particular attention should
be focused on abrupt increases in flow and discoloration of
the seepage effluent.. This information with an evaluation
should be transmitted to the Pennsylvania Department of
Environmental Resources, Division of Dam Safety for review
and comment.

c. Modify the outlet system to provide a means of
controlling or blocking flow at the inlet end of the blow-
off and supply lines in the event a leak(s) develops beneath
the embankment.

d. Repair deteriorated portions of the spillway and
provide slope protection to the channel at the end of the
left wingwall.

e. Develop an operations and maintenance manual for
use at the facility.

f. Have the facility inspected by a registered pro-
fessional engineer experienced in the design and construc-
tion of earth dams on a yearly basis to check for hazardous
conditions that might develop.
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CHECK LIST - NDI ID # PA-423

HYDROLOGIC AND HYDRAULIC PENN DER ID # 17-6
ENGINEERING DATA PAGE 5 OF 5

SIZE OF DRAINAGE AREA: 6.4 square miles

ELEVATION TOP NORMAL POOL: 1374 STORAGE CAPACITY: 52 acre-feet

ELEVATION TOP FLOOD CONTROL POOL: Not known STORAGE CAPACITY: Not known

ELEVATION MAXIMUM DESIGN POOL: Not known STORAGE CAPACITY: Not known

ELEVATION TOP DAM: 1380 STORAGE CAPACITY: 87 acre-feet

SPILLWAY DATA

CREST ELEVATION: 1374

TYPE: Modified ogee

WIDTH: 5 feet

LENGTH: 30 feet

SPILLOVER LOCATION: right abutment

NUMBER AND TYPE OF GATES: None

OUTLET WORKS
24-inch diameter cast-iron blowoff 16-inch diameter

TYPE: cast-iron supply pipe

LOCATION: =165 feet right of left abutment

ENTRANCE INVERTS: Approximately El 1355 (scaled from Fig. 3, App. F)

EXIT INVERTS: Approximately El 1347 (scaled from Fig. 3, App. F)
24-inch diameter cast-iron blowoff

EMERGENCY DRAWDOWN FACILITIES: regulated from within the old gate
n ouse.

HYDROMETEOROLOGICAL GAGES

TYPE: Rain gage

LOCATION: Montgomery Dam - next watershed west

RECORDS: Daily rainfall records available from owner

MAXIMUM NON-DAMAGING DISCHARGE: 33 inches over spillway, June 1972 (Agnes).

*1
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APPENDIX C

HYDROLOGY AND HYDRAULICS



PREFACE

The modified HEC-l program is capable of performing
two basic types of hydrologic analyses: 1) the evaluation
of the overtopping potential of the dam; and 2) the estima-
tion of the downstream hydrologic-hydraulic consequences
resulting from assumed structural failures of the dam.
Briefly, the computational procedures typically used in the
dam overtopping analysis are as follows:

a. Development of an inflow hydrograph(s) to the
reservoir.

b. Routing of the inflow hydrograph(s) through the
reservoir to determine if the event(s) analyzed would over-
top the dam.

c. Routing of the outflow hydrograph(s) from the
reservoir to desired downstream locations. The results
provide the peak discharge(s) of each routed hydrograph at the
downstream end of each reach.

The evaluation of the hydrologic-hydraulic consequences

resulting from an assumed structural failure (breach) of the
dam is typically performed as shown below.

a. Development of an inflow hydrograph(s) to the
reservoir.

b. Routing of the inflow hydrograph(s) through the
reservoir.

c. Development of a failure hydrograph(s) based on
specified breach criteria and normal reservoir outflow.

d. Routing of the failure hydrograph(s) to desired
downstream locations. The results provide estimates of
the peak discharge(s), time(s) to peak and maximum water
surface elevations of failure hydrographs for each location.

C-I
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Geology

Moose Creek Reservoir Dam is located in the Pittsburgh

Plateaus Section of the Appalachian Plateaus Physiographic

Province of Western Pennsylvania, two miles northwest of the

Borough of Clearfield.

This section is characterized as a high plateau under-

lain by flat-lying to gently folded sedimentary rock strata

of Pennsylvanian and Mississippian age.

Structurally, the site lies approximately midway between

the Clearfield syncline to the southeast and the Chestnut

Ridge anticline to the northwest. Consequently, the rock

strata at the dam site dip to the southeast at approximately

300 feet per mile or about 3 degrees. The axes of both

structures follow the regional trend which is generally in

a northeast-southwest direction.

The dam is founded on sedimentary rocks of the Mississip-

pian age Pocono Formation. In this area, the upper 30 to 50

feet of the Pocono consist of fine to medium grained, very

light gray, quartzose sandstone. Bedding thickness in the

unit ranges from a few inches to 6 feet. Underlying this

upper sandstone is a 30- to 40-foot gray to black, silty

shale section. This unit becomes silty and sandy toward the

top and bottom, and includes several thin beds of sandstone

and siltstone. Underlying the silty shale section is an 85-

to 90-foot thick very fine to medium grained sandstone.
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Since the Mississippian-Pennsylvanian disconformity is

located on the hillside approximately 50 feet above the

crest, the embankment is presumably founded on bedrock of

the silty shale and lower sandstone section.

Sedimentary rocks of the Pottsville, Allegheny, and

Conemaugh Groups lie stratigraphically above the Mississip-

pian-Pennsylvanian disconformity and form the hilltops

surrounding Clearfield.

Two principal joint set directions are common to the

Moose Creek Reservoir Dam area. The major set ranged from

N30OW to N500 W. This set is roughly perpendicular to the

trend of the major folds in the area. The strike of the

secondary set ranges N700E to N85 0E or roughly parallel to

the trend of the major folds in the area.

Faulting is also common, particularly to the east of

the Moose Creek Reservoir Dam, where a series of high angle

wrench faults traverse the region in a range from N30*W to

N55°W. A correlation is obvious between primary joint

direction, the strike of the faults and the alignment of

many of the first order tributaries to the West Branch of

the Susquehanna River. Moose Creek, Lick Run, Stone Run,

and Millstone Run are just a few of the tributaries showing

topographic lineaments which correspond to the major joint

and fault directions in the region. Some of the lineaments

are directly associated with known wrench faults in the area
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whereas others (as is the case with the Moose Creek Valley)

are not associated with known faults. In any case, there is

considerable evidence for structural control on drainage

patterns in the dam area.

Below the dam and reservoir, the narrow Moose Creek

floodplain is floored by a thin alluvial deposit that joins

the broad floodplain of the Susquehanna River in the Borough

of Clearfield, Pennsylvania.

Glover, Albert D., "Geology and Mineral Resources of the
Southern Half of the Clearfield 15-Minute Quadrangle,
Survey, Pennsylvania," Harrisburg: Topographic and Geologic
Atlas A84cd, 1970.
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